Institute of Technology, India-Objective is to assess the relationships of job hazards, individual characteristics, and risk taking behavior to occupational injuries of coal miners. This case-control study compared 245 male underground coal miners with injury during the previous two-year period with 330 matched controls without injury during the previous five years. Data were collected via face-to-face interview and analyzed using the conditional logistic model. Handling material, poor environmental/working conditions, and geological/strata control-related hazards were the main risk factors: adjusted ORs 5.15 (95% CI 2.42-10.9), 2.40 (95% CI 1.29-4.47), and 2.25 (95% CI 1.24-4.07) respectively. Their roles were higher among the face-workers than among the nonface-workers. No formal education, alcohol consumption, disease, big-family, and risk-taking b e h a v i o r w e r e a s s o c i a t e d w i t h i n j u r i e s (2.36≤ORs≤10.35), and the findings were similar for both face and non-face workers. Prevention should focus on handling material, poor environmental condition, especially addressing workers with no formal education, alcohol consumption, disease, big family size, and risk-taking behavior. (J Occup Health 2008; 50: 236-244) 
According to the International Labour Office statistics, more than 270 million occupational injuries and 355,000 fatal injuries occur annually at workplaces worldwide 1) . They result in severe socio-economic consequences for workers and society 2) . The mining industry has a high incidence rate of injuries among all industry divisions, particularly that for fatal injuries 3) . Coal mine safety in India is a serious problem as occupational injuries are common in the coal mining industry. The shift of production technology during the past decade from the conventional underground mining to both mechanized opencast and underground mining, and the reduction in manpower through mechanization has reduced the injuries 4) . However, fatal and serious injury rates have not significantly reduced (the incidence rates per 100,000 workers in 1993 and 2003 were 32 and 27, respectively, for fatal injuries, and 165 and 136, respectively for serious injuries) 4) . According to Galvin (1998) 5) , engineering solutions to accidents are by themselves insufficient for the prevention of injuries in the wake of increased mechanization and automation in the mining industry. Indian mining companies have invested money and resources to remove safety hazards and risk at workplaces, wherever possible, and to develop job safety procedures. Despite the investment of money and resources, the incidence of injuries remains relatively unchanged and government, companies, employees and society all agree that it continues to be unacceptably high. Generally, mine workers have considerable autonomy to determine their own work practices and manage their workplaces 6) . As a result of this, they make many important decisions which affect their own safety and the safety of others. The appropriateness of these decisions depends upon many complex factors such as physical, individual, and social, which highly vary from individual to individual and from situation to situation.
Underground miners are exposed to a wide range of environmental/working condition and geological/strata control-related hazards in addition to a number of hand tool, handling material, and machine-related hazards 2, [6] [7] [8] .
It is well known from the literature that these hazards are high risk factors for occupational injuries 2, [7] [8] [9] . Dynamic work processes in mining operations result in less controlled changes of most occupational hazards. In this context, it is important to assess the role of various occupational hazards. In addition, the risk of injury may be higher among workers with no formal education, altered health status, health-related behaviors (such as smoking and alcohol abuse) 7, [10] [11] [12] [13] [14] . Poor health status results in deteriorated physical and mental abilities and thus in injury 13) . Worldwide, smoking and alcohol use continue to result in substantial morbidity (9.0% and 8.4% of the total burden in the European Union 15) ) and they are associated with occupational injuries 10, 14, 16, 17) . Big family size was also found to increase the risk of injury 18, 19) , because the workers concerned have more commitment as well as responsibility towards their family members and are consequently in an unsafe mental status. Production pressure from management leads to a number of workers taking risks at the workplace to complete work quickly, and this risk-taking behavior can increase the risk of injury 7) . In underground mines, occupational hazards markedly differ between face and non-face-workers. Face-workers are involved with extraction of coal and they are more specifically exposed to hazards such as poor environment/ working conditions and geological/strata control-related hazards. Moreover they are exposed to handling materialrelated hazards (such as pushing, pulling and lifting of objects/materials) in and around the face area. Other workers work away from the face area and they perform various auxiliary tasks such as roof supporting, transporting coal, repairing of machines, and servicing and overhauling of machines. As a result, these workers are exposed to hand tool, handling material and machinerelated hazards that greatly contribute to occupational injuries 9) . Key questions concern the respective roles of various types of occupational hazards among face and non-face-workers and whether the role of experience, educational level, smoking, alcohol use, health status, family size, and risk-taking behavior differ between the two groups of workers. The knowledge of the risk patterns of these groups of miners would be useful not only for determining preventive measures for improve working conditions, but also for improving health-related behaviors, health status, and behavior at work as strategies of intervention at the workplace by mine managements aiming to reduce occupational injuries. However, there have been a few studies that focus on a wide range of occupational hazards and the other correlates mentioned above.
The present study aimed to assess the roles of a wide range of job hazards, risk-taking behavior, lack of experience, no formal education, smoking habit, alcohol consumption, presence of disease, and big family size in occupational injuries among the face and non-face coal miners in the southern part of India.
Materials and Methods
This case-control study was conducted on workers from two underground coal mines located in the southern part of India which employed 2,376 miners during the period [2003] [2004] . Half of the workers are illiterate. The working duration of a worker is eight hours per day and six days per week. The management personnel include occupational physicians of the mines who actively participated in this study.
The case study mines were from the same geographical location to facilitate the study. The mines operate six days a week, three shifts per day for coal production. Both the mines belong to the same coal company. The occupational, safety and health (OSH) practices of both the mines are the same. The characteristics of these two mines are shown in Table 1 . The mining methods practiced in these two mines are mainly bord and pillar working. The mines have multi-seam workings, and the thickness and depth of the coal seams vary between the two mines. Similarly, the dip of the coal seams also varies between the mines. The immediate roof of Mine 1 and Mine 2 is shaly sandstone. The roof supports at both the mines are as per the Directorate General of Mines Safety (DGMS) requirements which mainly consists of props and cogs in the haulage and traveling roadways, whereas working faces are supported by cogs, props and crossbars as per the Systematic Support Rules (SSR) 20) . The face mechanization at both the mines is mainly semimechanised working which consists of drilling, blasting, load-haul-dumper and side-discharge-dumper loading, and chain conveyor/mine cars transporting.
Subjects
The survey was conducted from January 1-December 30, 2005. The cases and controls were aged between 18 and 60 yr who had been working in these two mines during the period of the study. The cases were selected from underground workers who had suffered injury at least once during the two-year period 2003-2004 (annual incidence rate 5.5%). The injured miners were selected from the injury registry of 2003 and 2004 which was maintained by the safety department of the mines. A total number of 262 injury cases were recorded during the 2-yr period (2003) (2004) . It included 2 fatal injury cases, 7 retirement cases (who left the mine premises) and 8 repeated cases of injury. All the injured workers who were available at the mines during the study period were recruited as cases. As a result, a total number of 245 workers with at least one injury were considered as cases. For each case, two controls matched on age and Props, girders, and roof bolts Props, girders, and roof bolts Rate of emission of inflammable gas inside the mine Inflammable gas < 0.1% and Inflammable gas < 0.1% and emission of gas <1 M 3 /tonne of emission of gas <1 M 3 /tonne of coal produced coal produced OSH practices Safety audit, safety committee, safety Safety audit, safety committee, safety education, safety awareness, periodical education, safety awareness, periodical medical examination and health education medical examination and health education programs programs jobs were randomly selected from the workers who did not experience any injury during the past five-year period. For 85 cases two controls were available, but for the other 160 cases two eligible controls were not available, and consequently only one control was selected for each case. So, in total, 330 controls were included in the study. It should be noted that all the workers in both the mines had more than five years of job history (no new workers had been employed by the mines during the past 5-yr period 2000-2004).
Once an interview had been conducted with an injured case, a control was randomly captured from the list of all the workers with no injury during the previous 5-yr period based on the matching criteria of age and job and excluding controls previously selected for the present study. Workers who experienced an injury during the two-year period, 2003-2004, and thereafter died in accidents or retired or left the job were excluded from the study.
Study design
The mine management introduced the interview team to the workers. A standardized questionnaire was completed by the trained personnel through face-to-face interviews. It included birth date, experience (years in the job), educational level (no formal/primary, secondary/ beyond secondary education), regular consumption of alcohol, smoking habit (non-smoker/current smoker/exsmoker), diseases, job-related hazards, and occupational injuries during the previous two-year period (2003) (2004) . Regarding diseases, the subjects were asked the question, "Did your physician tell you that you have one or several of the following diseases?" (11 items, response: yes/no): no disease, diabetic, asthma, other respiratory diseases, hypertension, other cardiovascular diseases, musculoskeletal disorders, vision disorders, cancers, mental disorders, and other diseases. Concerning the occupational hazards, five hazard categories were studied: hand tool, handling material, poor environmental/working conditions, machine-related and geological/strata controlrelated hazards. For every job hazard, the subjects were asked the question, "Please indicate whether you were exposed to one or more of the following hazards for the period before and until the occurrence of the last occupational injury?" (yes/no): I. Hand tool hazards: hammer use, power hammer use, or crow bar use; II. Handling material hazards: handling objects, material or shoveling; III. Poor environment/working conditionrelated hazards (10 items): 1) Heat, 2) Noise, 3) Dust, 4) Improper ventilation, 5) Insufficient light, 6) Water at workplaces, 7) Steep gradient, 8) Slippery floor, 9) Not taking proper shelter at the time of blasting, and 10) Possibility of blown out shots; IV. Geological/strata control hazards (4 items): 1) Presence of fault and slip planes, 2) Presence of fractured roof, 3) Failure to identify bad roof, and 4) Improper dressing and unsupported roof; and V. Machine related hazards (5 items): 1) Moving parts of the machine, 2) Unskilled operators, 3) Working in close proximity to conveyor, 4) Safety devices not adequate, and 5) Maintenance schedule not properly followed. The positive response (yes) to at least one or more items of each hazard group indicated that the worker was exposed to that hazard category. Risk-taking behaviour was assessed with 8 items (response: yes/can't say/no): 1) Do you quite enjoy taking risks? 2) Do you take risks or behave unsafely to achieve production target? 3) Would you be prepared to take risks to increase your earnings? 4) Would you enjoy fast walking in underground? 5) Would you do almost anything for a dare? 6) Do you always wear safety items when working underground? 7) Are you confident of assessing good and bad situations in underground? and 8) Do you go to an unsupported area knowingly? The responses were assigned values of 3, 2, 1, respectively, or 1, 2, 3 if they were negatively formulated.
Birth date, job, workplace, years in the job, and information on occupational injuries of the workers were also taken from the mine records available at the company. The occupational physicians of the mines helped the interview team to prepare the questionnaire for assessing the health status of the workers. The information on various diseases of the workers was checked by the interview team through the periodical medical examination records available at the mine medical service to verify the good quality of the data collected through the interview process.
Statistical analysis
For risk-taking behavior, the score was computed by summing the score of individual items; then the 90th percentile value of the score of the controls (equal to 12) was used as the threshold value to define the group at risk. Less experience was defined as less than 10 yr in the job. For educational level, our study focused on no formal education (that is, those subjects who were not able to read or write). Big family size was defined by 5 or more dependents. To assess the relationships of various factors to injury (at least one), the crude odds ratios (OR) and their 95% confidence intervals (CI) were computed with the Mantel-Haenszel test with stratum for each pair. The adjusted odds ratios (ORa) were then calculated using the conditional logistic models for paired data with and without stepwise backward procedure. The explanatory variables included in the model were the following: total experience, educational level, smoking habit, regular consumption of alcohol, disease and various job hazards. The outcome variable considered in the model was the occurrence of injury. The adjusted odds ratios were also computed for the face-workers and the non-face-workers separately considering all the explanatory variables in the model. The analyses were performed for all the samples and for the face and the non-face-workers separately, via the Stata package 21) .
Results
The characteristics of the injured workers are shown in Table 2 . The mean age (SD) was 43.3 (6.8) yr for the cases and 43.8 (6.3) yr for the controls. Two thirds of the miners worked at the face area. The internal consistency of the items is very good for risk-taking behavior (α0.70). The main causes of injuries were fall, fall of objects, collision with objects, and fall of coal. The main lesions were wound, contusion, fracture, sprain, and luxation. Most lesions affected finger, leg, knee, eye, and elbow. Table 3 shows that, for all workers, significant crude odds ratios (OR) were found for all factors considered except experience, and smoking. Significantly high adjusted odds ratios (ORa) were found for handling material-related hazards (5.15), environment/working conditions-related hazards (2.40), geological/strata control-related hazards (2.25), no formal education (2.61), regular consumption of alcohol (2.46), presence of disease (2.36), big family (5.41), and risk-taking behavior (10.35). Similar results were found when the adjusted odds ratios were computed using the stepwise backward regression procedure retaining only the significant factors (p<0.05). Table 4 demonstrates that the risk patterns differed between the face and the non-face workers. The environment/working conditions and geological/strata control-related hazards had significant ORa for the faceworkers only (3.75 and 2.81 respectively). The handling material-related hazards had a markedly higher ORa for the face-workers than for the non-face-workers (5.57 vs. 4.07). The hand tool-related hazards had significant OR but non-significant ORa for both the face and the nonface workers. No formal education was significant among both face and non-face workers (ORa 2.85 and 4.47 respectively). Regular consumption of alcohol had significant OR for the face and the non-face workers (2.29 and 2.98 respectively) but it had significant ORa for the non-face-workers only (3.44). Presence of disease was associated with a 2-fold higher risk among the face workers and 3-fold higher risk among the non-faceworkers. Big family was also associated with a high risk for the face-workers (ORa 4.30) and for the non-faceworkers (ORa 7.39).
Discussion
This case-control study demonstrates that handling material, environment/working condition, and geological/ strata control-related hazards are common and they are strong risk factors for occupational injuries among Indian coal miners. It also shows that no formal education, regular consumption of alcohol, presence of disease, risk taking behavior, and big family (≥5 dependents) were associated with markedly high risks of occupational injuries. As expected, the risk patterns were markedly a In total there were 262 injuries in the mines. There were 245 workers with at least one injury who participated in this study: 8 of them had two or more injuries; and 9 cases were lost (2 fatal injuries and 7 retirements who left the place of the mine premises). The last injury was considered for the subjects with two injuries or more. different for job-related hazards between the face and non-face workers; however, such differences were not so pronounced for the other factors. The case study mines belong to same coal company and they were from the same geographical location to facilitate the study. It should be noted that all underground workers are male, and the present survey investigated all the injured workers from the study mines during the previous two-year period. In total, there were 245 workers with at least one injury who participated in this study and 8 of them had two or more injuries; and there were 9 lost cases (2 fatal injuries and 7 retirements who left the place of the mine premises). The nine lost cases were excluded from the survey due to the protocol of the study (face-to-face interview). The controls were randomly selected from the population free of injury during the previous 5-yr period from the same mines. Efforts were made to collect two eligible controls for every case. Face-to-face interview was appropriate here because most miners were illiterate. The survey used validated questionnaires 7, 14) . The internal consistency of the questionnaire items for risk-taking behavior was very good. All the management staff from the mines and the workers contacted participated in the survey. There may be a bias between the cases and controls regarding job hazards. However, it should be small as all the workers were working under the same conditions and environment for a longer period, especially during the 2-yr period considered for injuries, as observed by the study team based on field observations, mine specific records and discussion with the mine management. Moreover the time interval between the interview and the injury occurring for the corresponding case was relatively short, so that the possible bias concerning job hazards should be small. The study as a whole was well accepted by the miners, the occupational physicians, and the company.
Our study shows that the risk patterns of injuries were clearly different between the face and the non-face workers. Indeed, the handling material-related hazards had the highest risk factor and the risks associated were about 1.3-fold higher among the face-workers than among the non-face-workers (ORa 5.57 vs. 4.07). The high risk due to handling materials can be explained by the fact that these activities are common in underground mines, the cramped workplaces, and the lifting and moving of big and heavy objects/materials from one workplace to another. The higher risk found among the face-workers than among the non-face-workers can be partly attributed to the working environment and to the nature of the handled objects/materials. Our study found that the environment/working condition and geological/strata control-related hazards were also associated with strong risks of injury among the face-workers only (ORa 3.75 and 2.81 respectively). These findings are expected as the face-workers work in a changing work environment with freshly exposed roof, inadequate ventilation, heat, humidity, and slippery floor. The hand tool-and machinerelated hazards were found to have strong significant crude odds ratios (ORs between 2.45 and 3.89) but nonsignificant adjusted odds ratios. This finding can be explained by the fact that most miners are concomitantly exposed to various types of hazards, so they are interdependent. The relatively higher risk due to hand tool-related hazards for the non-face-workers than for the face-workers (crude ORs 3.89 vs. 2.48) suggests that the first group of workers perform various auxiliary tasks such as machine repairing, roof bolting, and track repairing. Training is necessary to improve job knowledge and to perform various tasks, especially tool and material handling, machine use and maintenance, etc. and to help workers be more aware of the risks. However, discussions with the safety officials and a visit to the vocational training centre by the study team revealed that there was no training program specific to various types of occupational hazards.
The present study reports that half of the miners had no formal education and they had 2.6-fold higher risk of injury compared to the others. They are more likely to commit human errors as they are socially less well prepared to adopt new technologies, job training and safe working procedures. Lack of job knowledge is common and is responsible for a great proportion of injuries 9) . Our finding also suggests that illiterate workers may have more dangerous activities at the workplace. Training is needed for these miners but training cannot eliminate injuries when the level of hazards is high and when the use of reliable techniques and safe work organization is limited 10, 22) . The workers who were regularly consuming alcohol had 2.4-fold higher risk of injury than the other workers. The risk due to alcohol intake was significant among the non-face-workers only. This was due to a tendency among these workers to consume alcohol before going to work during the night shift. However, the face-workers are more aware of the risks of injury for face-work operations and they are likely to consume less alcohol before going to work. Alcohol use continues to result in substantial morbidity and a number of diseases worldwide 15, 23) and is well known to be associated with occupational injury 14, 16, 23) . Alcoholism is shown to be of neurophysiological etiology and may lead to impairment of most human body systems 24) . Alcohol primarily affects two sites of balance and movement regulation, namely the inner ear in acute alcoholism 25) , the vestibular nuclei 26) and cerebellum in chronic alcoholism 27, 28) . The cerebellum has an essential coordinating function in the stabilization and orientation mechanisms during and after a task acquisition process 29) . Drinking alcohol can increase the risk of injury through engaging in risk taking behavior or reducing the perception and responses to hazards 23) . Our finding recommends that interventions should be carried out to help workers to reduce alcohol intake by assessing the alcohol concentration via an alcoholmeter at the beginning of the three shifts. Our study did not find an increased risk of injury among current smokers contrary to some other studies 16, 17, 30) . However, a high ORa (3.41) was found for current smokers among the non-face-workers although it was not significant, probably due to the small number of subjects.
Our study found that presence of disease was common and it was associated with about 2-fold higher risk of injury among the face-workers and 3-fold higher risk among the non-face-miners. Most workers are daily exposed to a number of occupational hazards during their working life and this exposure affects their health status and consequently alters their physical and mental abilities. The association between presence of disease and occupational injury is well known 14, 31, 32) . Pneumoconiosis is a leading disease among the Indian coal miners. Our study shows that the miners also suffer from other respiratory diseases, hypertension, other cardiovascular diseases, musculoskeletal disorders, and vision disorders. Discussions with the occupational physician suggested that efforts could be made to detect and monitor various diseases, especially previous diseases. Our results demonstrate that those preventive measures that improve working conditions and reduce work-related diseases would strongly decrease the risk of occupational injury. The preventive measures should also include different types of health education programs which will be taken both at individual and workplace levels to reduce disease and injury. The health education programs should encourage awareness of work-related diseases, environmental hazards, hygiene, control of diet, and unhealthy habits such as smoking, alcohol consumption and tobacco chewing. Note that sleep disorders are a well known risk factor for injury 10, 14, 16, 17) . They were not investigated in the present study that was aimed at occupational hazards and lifestyle factors.
This study reports that the miners with big family size were at a 5.4-fold higher risk of injury than the other miners. This is consistent with the findings by other authors 18, 19) . Discussions with the mine management and supervisors revealed that the workers having big family sizes have a less safe mental status at work because they have more commitment as well as responsibility towards their family members. It is necessary that occupational physicians help them to become more aware of the risks.
The present study reveals that risk-taking behavior was associated with a 10-fold higher risk of occupational injury. Dynamic work processes in mining operations and a hazardous working environment induce workers to take risks at work through adopting unsafe practices. The risk was much higher among face-workers than among non-face-workers (ORa 11.92 vs. 8.78). This difference could be explained by a possible amplification of the risk when performing tasks in a more hazardous environment. So, supervisors need to fully understand the risks and take necessary action to counter risk-taking behaviour. It should be remembered that handling material, environment/working condition, and strata control-related hazards were associated with markedly higher risks for the face-workers than the non-face-workers. So, we suggest that increased awareness should be inculcated by supervisors to all workers, and more especially among those who take risks at work. Safety training that focuses on various types of hazards, the risks produced, and the conditions leading to taking risks should be developed.
The present study sheds light on the risk patterns of injuries for underground miners in two categories of jobs with very different environment and working conditions. The face-workers were exposed to handling material, environment/working condition, and geological/strata control-related hazards that had very different risk levels; whereas, the non-face-workers were mainly exposed to the handling material-related hazards. The risk patterns of the factors no formal education, presence of disease, big family, and risk-taking behavior were less different for the face and the non-face workers except for the factor of alcohol consumption. The mine management should pay attention to reducing the occupational hazards at the face area and elsewhere as revealed in the study. Preventive measures should be implemented to reduce environmental hazards and geological/strata control hazards at the workplaces and various safe lifting procedures should be developed by the mine management regarding the different operations of the handling of materials. Training is necessary to improve job knowledge, especially for miners with no formal education, and to help workers to assess and to be more aware of the risks, particularly miners with big families or who are more likely to take risks. Interventions involving occupational physicians, safety officers, and mine managers to reduce work-related diseases and to improve health status and health-related behaviors (smoking and alcohol) should be implemented as measures of preventive policies at workplaces aiming at reducing occupational injuries. It is also necessary for the mine management to utilize behavioural approach to safety management and to create motivation among the workers to ensure the safely at workplaces.
